Aim: Ventricular repolarization is assessed using the Tp-e interval and QT interval corrected by the heart rate (QTc) via an electrocardiogram (ECG). Prolonged Tp-e/QTc is related with an increased risk of arrhythmias and cardiac mortality.
Introduction
Nonalcoholic fatty liver disease (NAFLD) is a pathologic condition frequently observed in clinical practice. The prevalence of NAFLD is approximately 25-30% among adults of the general population in Western countries but increases to approximately 70-75% among patients with type 2 diabetes mellitus [1] . It has become increasing clear that NAFLD is not only associated with an increased liver-related morbidity and mortality but that coronary heart disease is the primary cause of death in patients with NAFLD [2] . Recent studies have also demonstrated that patients with NAFLD have an increased risk of cardiac arrhythmias, including atrial fibrillation (AF), heart rate-corrected QT (QTc) interval prolongation and ventricular arrhythmias [3] .
Ventricular repolarization is evaluated with QT interval corrected by heart rate (QTc) in electrocardiogram (ECG). A prolonged QTc is related to an increased risk of sudden cardiac death according to the arrhythmias. It is known that hypothyroidism was related with QTc prolongation [4, 5] . Besides, a study showed that hyperthyroidism was associated with QTc prolongation. Recently, the T-peak to T-end (Tp-e) interval on 12 lead electrocardiogram (ECG) has been shown to correlate with ventricular repolarization abnormalities. Both QT and the Tp-e intervals are heart rate dependent and this dependence has also been associated with risk of ventricular arrhythmias [6] .
For this reason, it has been claimed that Tp-e/QT ratio might be an important and useful indicator of ventricular repolarization [7] [8] [9] . Currently, there is no study available on Tp-e interval and Tp-e/QT ratio in patients with hepatosteatosis. In this study, we aimed to appraise the assessment of Tp-e interval and Tp-e/QT ratio in patients with hepatosteatosis.
Material and Methods

Study design
This was a cross-sectional study that was conducted at a single center. Ninety-seven consecutive patients and 77 control subjects with January 2013 and March 2018, were enrolled to study. All subjects who investigated in this study were in sinus rhythm. All participants had no cardiac sign or symptom.
Patients with coronary artery disease, chronic kidney disease, cirrhosis, viral hepatitis, drug induced liver disease or other chronic liver disease, left ventricular dysfunction, mild or severe valvular disorder, malignancy, advanced pulmonary disease, atrial fibrillation, any type of bundle branch block, cardiac device, those who were taking any drugs known to affect QT interval and those with excessive alcohol consumption (i.e. >30 g/day for men and >20 g/day for women) were excluded.
Body mass index (BMI) was calculated by dividing weight in kilograms by the square of height in meters. Patients were considered to have hypertension if their blood pressure was ≥140/90 mmHg or if they were taking any anti-hypertensive drugs [10] . Diabetes mellitus was defined as fasting blood Bazett formula [QTc = QT√ (R-R interval] was used to assess corrected QT interval (QTc). Tp-e interval was defined as the interval between the peak and the end of T wave. Precordial leads were used to calculate Tp-e intervals [12] . The Tp-e/QT ratio was calculated after the result of these measurements. 
Statistical Analysis
Results
A total of 97 with patients with NAFLD and 77 control subjects were enrolled in our study. Baseline characteristics of study population are shown in Table 1 . The mean age of the study population was 55.2 ± 11.2 years and 43.7 % of participants were male and 36.5% of patients had hypertension and 23.7% of patients had diabetes mellitus. The mean age of NAFLD group was younger than control subjects (53.2 ± 11.3 vs. 57.6 ± 10.7; p=0.009). There were significant differences between groups in terms of albumin, alanine transaminase, aspartate aminotransferase, high-density lipoprotein cholesterol, and triglyceride values (p<0.05).
The electrocardiographic findings of the study groups were shown in and Tp-e/QTc ratio (0.23 ± 0.03 vs. 0.21 ± 0.03; p=0.002) were significantly different between groups. In correlation analysis, there was significant correlation between Tp-e interval (r= 0.328, p<0.001) and Tp-e/QTc ratio and hepatic steatosis grade (r= 0.237, p=0.002) ( Table 3 ). In multivariate linear regression analysis, NAFLD is found an independent factor for increased Tp-e/QT ratio (Table 4 ). 
Discussion
In the present study, we demonstrated that Tp-e interval, QT interval, QTc interval, Tp-e/QT and Tp-e/QTc ratios were prolonged in patients with (NAFLD). This is the first study that investigated the Tp-e interval and Tp-e/QT parameters in patients with NAFLD.
Several studies showed the relationship between NAFLD and QT interval. Hung et al. found the association of QTc prolongation and NAFLD [13] . They discussed that the potential mechanism that contributes to the association between NAFLD and the QTc interval can be inflammation.
In their study, they observed association between highsensitivity C-reactive protein and the QTc interval [13] . Also, they explained the association between NAFLD and the QTc interval with increased sympathetic activity according to the heart rate variability [13] .
Targher et al. observed that the presence and severity of NAFLD on ultrasound was strongly associated with prolonged QTc interval in patients with type 2 diabetes, independently [14] .
The pathophysiological mechanisms that link NAFLD to Many studies have shown that increased dispersion of repolarization might predispose to ventricular arrhythmias.
Tp-e interval, Tp-e/QT ratio and Tp-e/QTc ratio may be used as electrocardiographic indexes of ventricular arrhythmogenesis and sudden cardiac death. Nowadays, the Tp-e interval and
Tp-e/QT ratio have been studied as novel indicators of impaired ventricular repolarization dispersion [7, 8, 17] . Increased Tp-e interval was related higher mortality rate in the patients with long QT syndrome and Brugada syndrome [8] . The Heart rate does not affect the Tp-e/QT ratio that was accepted as more precise marker of the dispersion of ventricular repolarization, than QT dispersion, QTc dispersion and Tp-e intervals. [7, 18] .
Tp-e/QT ratio is a potential significant index of arrhythmogenesis independent from the length of QT interval [8] .
In our study, we showed that these markers were higher in patients with NAFLD. Also, we showed that NAFLD is an independent factor for increased Tp-e/QT ratio. However the mechanism which causes this condition is not clear. Liver fat and inflammation progresses and advanced fibrosis develops in NAFLD. Several modifications take place into the liver, such as increased in production of atherogenic lipoproteins and in an increased release into bloodstream of several proinflammatory (e.g., c-reactive protein, tumor necrosis factoralpha, and interleukin-6), pro-fibrinogen (e.g., transforming growth factor-beta), pro-oxidant and thrombogenic (e.g., factor VIII, plasminogen activator inhibitor-1, and endotelin-1) mediators [1-3, 19, 20] . These molecules and proinflammatory alterations might have a negative role on the risk of cardiac complications, including arrhythmias [21, 22] . Especially, instability of the myocardium might potentially present cellular and ultrastructural changes in myocardium as well as modifications of the action potential duration (e.g., modifications of ion current and reduction of connexins), resulting in an increament the risk of arrhythmia [1] .
Cross-sectional design and low number of patients are the main limitations. The study is single-center study and the patients'
follow-up data is absent. Ventricular arrhythmias of the patients were not evaluated according to the repolarization parameters.
Large sample sized randomized studies are needed to establish exact role of Tp-e interval and Tp-e/QT ratio in patients with NAFLD who suffering from the arrhythmias.
Conclusion
In conclusion, this study demonstrated that Tp-e interval,
Tp-e/QT and Tp-e/QTc ratios were prolonged in patients with NAFLD. Our study is considerable to display that NAFLD may have a negative effect on cardiac conduction system, which potentially may induce formation of ventricular arrhythmias. Tp-e interval and Tp-e/QT ratio are simple, easily accessible, inexpensive and non-invasive methods that can be useful marker of predicting the ventricular arrhythmias in patients with NAFLD. Electrophysiological studies on human cardiomyocytes will be helpful in clarifying this issue.
